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Development of a Safety Assessment Method using Detailed Structural Analysis
for lron-Manufacturing Plant Structures
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Abstract

Up to date, the life extension of industrial plant structures has been strongly required in the field of iron-manufacturing
company, atomic or power generation company and so on. Fault monitoring, maintenance of aging structural components, safety
assessment and residual life prediction may be recognized as typical and/or practical methods in terms of life extension methods.
Based on the construction of damage scenario, precise analysis method and development of the risk or reliability assessment, a
number of studies have been carried out in this viewpoint. In conjunction with the finite element analysis technique, a practical
procedure for the safety assessment of iron-manufacturing plant structures was developed in this paper with a particular interest in
furnace. By virtue of the detailed finite element analyses for blust furnace under an operational condition, the validity of the
proposed procedure for safety assessment was presented.
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a2 1 Design detail of furnace structure
surface temperature distribution
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1%l 2 Finite element analysis procedure
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23 4 Analysis model of 2D thermal transition analysis
for furnace cross-section (unit: mm)

¥ 1 Mechanical properties of each material of furnace

Thermal Specific Density (p)
Conductivity (k) | Heat (Cp)
(W/mT) (J/kgT) (kg/m?)
Ax 60.7 1169 7854
wzrg 339 480 8933
yaie s 14.42 200 2600
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Distance from outer surface of furnace wall(mm)

18l 65 Temperature distribution along the furnace wall
for several heat input conditions
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I 3 Loading condition details

Bikls A9 FE | WalE | Stave | #3FE | FF Z1gk | HE&E | WE&E | WEE | 35

7 # % % > | g % 2y | &gk A7

(kgf/m} | (tonf) | (tonf) | (tonf) | (tonf) | (tonf} | (tonf] | [tonf) | (tonf] | (kegf) (kef)
Top 0.015| 61.62]93.42 0 0 -960| 334.2 0 0 0] -625800
No2. Throat 0.015418| 8.695| 33.77| 11.98] 57.71 0 31 21.25 0] 21.25 72690
Nol. Throat 0.015418 8.695] 33.77] 11.98] 57.71 0 31 21.25 0] 21.25 72690
No2. Upper shaft 0.016568 18.39| 84.33| 101.4 0 -170 0] 40.16| -26.2| 13.96 -68600
Nol. Upper shaft 0.018832| 45.43|112.8] 1695 3.68 -200 0 58.51[ -30.4! 28.11 -26820
No2. Middle shaft 0.021056 25.071 87.45| 1956| 14.56 -193 0| 53.91} -30.2] 23.71 17160
Nol. Middle shaft 0.023014 27.581 90.95] 186.1| 18.24 -205 0| 55.42| -34.1| 21.32 -660
No2. Lower shaft 0.025034 58.51133.2| 331.5| 25.52 -256 0| 105.2| -39.6 65.6 101020
Nol. Lower shaft 0.027164 58.5]1 133.2] 373.2] 25.52 -256 0 123 -44.7 78.3 142720
Belly 0.031679| 57.38| 97.62| 285.9 36.4 0 0] 99.67| -57.6| 42.07 32230
Bosh 0.033963| 48.27|189.5| 214.9| 21.84]| 506.7 0] 83.91| -27.2] 56.71 743440
Tuyere 0.035249| 84.16|251.2| 163.5| 19.52 0 84.21 91.61 0| 91.61 267220
No2. Upper hearth 0.035249 56.82| 232.4 17.5 1.68 -175 0| 156.1 0| 156.1] -155820
Nol. Upper hearth 0.035249| 57.99]| 263.7 0 0 -179 0| 3254 0| 325.4 -179000
No2. Lower hearth 0.035249 37.94| 528.5 0 0 -117 0 0 0 0] -117000
No21 Lower hearth | 0.035249| 38.42| 588.9 0 0 -119 0 0 0 0| -119000
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¥ 4 Furnace wall (outer surface

steel) material pro-

¥ 5 Furnace wall(thermal barrier brick) material pro-

perties perties
SM41CN SM50C Thermal barrier brick
ts40mm|t240mm t£40mm|t240mm
R 24 A4 (kgf/mm?) 2000
(kgf/mm?) 2100
3 9} m) 0.2
I ol 0.3
e W %% (kgf/mm®) 2.60 x 10°
k ff° 3 7.85 x 10
£/ mm Ay 345 7.14 x 107
R ZA S 11.9 x 107
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a2l 6 von-Mises equivalent stress distribution of a8 7 von-Mises equivalent stress distribution of
furnace overall structure furnace top structure
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8 von-Mises equivalent stress distribution of
furnace lower structure including thermal
barrier brick structure
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